The digestive tract anatomy of 14 blackbucks (Antilope cervicapra) and seven Arabian sand gazelles (Gazella subgutturosa marica) was quantified by dimensions, area and weight. Data from the two small-sized antilopinae were evaluated against a larger comparative data set from other ruminants classified as having either a 'cattle-type' or 'moose-type' digestive system. The digestive anatomy of the blackbuck resembled that of 'cattle-type' ruminants, which corresponds to their feeding ecology and previous studies of solute and particle retention time; however, a surprising exception was the remarkably small omasum in this species, which makes the blackbuck stand out from the general rule of a relatively large omasum in grazing ruminants. Sand gazelles had morphological features that corresponded more to the 'moose type' or an intermediate position, although previous studies of solute and particle retention time had led to the expectation of a more 'cattle-type' anatomy. The results show that outliers to general morphological trends exist, that findings on physiology and anatomy do not always match completely and that differences in the digestive morphology among ruminant species are more difficult to demonstrate at the lower end of the body mass range. 
Summary

30
The digestive tract anatomy of 14 blackbucks (Antilope cervicapra) and 7 Arabian sand gazelles 31 (Gazella subgutturosa marica) was quantified by dimensions, area and weight. Data from the two 32
For a comparative evaluation of the anatomical measures of blackbucks and sand gazelles, 91 measurements obtained were plotted against literature data on forestomach anatomy and salivary 92 gland weight of other ruminant species, classified as having either a 'moose-type' or 'cattle-type' 93 digestive tract (for species and literature sources, see Sauer et al. (in press) , with additional data from 94 Short (1964) , Hofmann and Geiger (1974) , Nagy and Regelin (1975) , Weston and Cantle (1983) , 95 Stafford and Stafford (1993) , Staaland et al. (1997), and Wang et al. (2014) ). 96
To determine the relation between BM and anatomical measures, data were ln-transformed and 97 allometric regression analysis was used to determine the coefficients of the model: 98 ln(Y) = α + β x ln(BM), where Y = the anatomical measure, and BM = body mass in kg. The 99 hypothesis of isometric scaling was accepted if 0.33, 0.67 and 1.00 was included in the 95% 100 confidence interval of the BM exponent (β) of linear dimensions, areas and weights, respectively. 101 ANOVA was used for step-wise model reduction. All statistical analyses were performed using the 102 statistical software R (version 3.1.0, R Foundation for Statistical Computing, Vienna, Austria). 103
Significance was accepted at p ≤ 0.05 with values below 0.1 considered as trends. 104
Results and discussion
105
The stomach of both blackbuck and sand gazelle was comprised of a rumen, reticulum, omasum and 106 abomasum as in all other true ruminants (Figure 1 ). The rumen was the largest compartment 107 followed by the abomasum, then the reticulum and the omasum. When dissecting the blackbuck 108 omasa for laminar surface area determination, only first, most of the second, and a few of the third 109 order leaves were dissectable, i.e., more than just a small ridge on the basal layer of the omasum. On 110 average, the blackbuck omasum had 9.7 ± 1.1 leaves of first order, 9.4 ± 1.4 leaves of second order, 111 14.4 ± 5.3 leaves of third order, 3.0 ± 2.1 leaves that were positively identified as fourth order and 112 4.0 ± 0.7 leaves, were order could not be determined. The size and position of the parotid and 113 mandibular salivary glands of blackbuck are shown on Figure 2 , while average anatomical measures 114 of both species are presented in Table 1 and 2.  115 In blackbucks all RR and omasum size measures correlated poorly to BM (all p-values ≥ 0.1), while 116 abomasum tissue weight and greater curvature length tended to increase with BM (p = 0.096 and p = 117 0.052, respectively). The length of the lesser abomasal curvature was not related to BM (p = 0.203) . 118
Small intestine (SI) length did not correlate to BM (p = 0.733), while SI tissue weight increased with 119 BM (p = 0.019). Cecum length and tissue weight tended to increase with BM (p = 0.057 and p = 120 0.059, respectively). Total large intestine (Total LI, defined as cecum, colon and rectum) was both 121 longer and heavier in larger animals (both p < 0.03), while the SI : Total LI length ratio did not 122 correlate to BM (p = 0.149). Weight of the parotid salivary glands (n = 10, BM: 25.0 ± 3.3 kg, 123 weight: 15.2 ± 3.0 g) tended to increase with BM (p = 0.051), while the mandibular glands weight (n 124 = 6, BM: 24.1 ± 3.3 kg, weight: 13.0 ± 2.8 g) was unaffected by BM (p = 0.574). The expected 125 isometric value was included in the 95% confidence interval for all measures correlating or tending 126 to correlate to BM, though the confidence intervals were very wide in many cases. 127
The BM range of the seven sand gazelles (16.1 -19.2 kg) was not wide enough to correlate 128 anatomical measures to BM. Consequently, only means and standard deviations are presented for 129 this species (Table 1 and 2). Even though the BM range of the blackbucks was wider than that of the 130 sand gazelles, the fit of the allometric regression model for most anatomical measures was poor. 131
Thus, to describe the relation between BM and digestive anatomy, data from animals of a wider 132 range of body masses and stages of maturity are needed from both species. Actually, this 133 demonstrates that for species with an inherently narrow range of body masses, intraspecific 134 allometries may be difficult to achieve. 135
Diet can possibly influence some measures of digestive tract gross anatomy in ruminants, such as 136 omasum size (Lauwers, 1973) , weight of the digestive tract (McLeod and Baldwin, 2000) and of the 137 salivary glands (Mathiesen et al., 1999) . Therefore, using captive animals to investigate the digestive 138 anatomy of any species adds a risk of an unintentional effect of an unnatural diet. To mimic a natural 139 diet as much as possible given the captive conditions, pelleted feed was either withheld or only fed in 140 limited amounts in the time up to culling for both species in the study. However, after a life in 141 captivity with higher quality diets, no periods of fasting and free access to drinking water, long-term 142 adaptations to captivity may exist in the animals investigated in this study. 143
Blackbucks resembled 'cattle-type' ruminants with respect to rumen pillar thickness, reticular crest 144 height and salivary gland weight (Figure 3 and 4) , while omasum size parameters were in the range 145 of, and even below, 'moose-type' ruminants ( Figure 5 ). When the blackbucks were dissected it was 146 noted that the omasum was small and difficult to identify from the outside of the stomach, i.e., not a 147 separate 'ball-shaped' organ as in other ruminants. This finding was consistent across animals from 148 the two facilities (Figure 1) . In spite of a potential effect of captive diet on omasum size, the extent 149 of that effect would have to be enormous to explain the difference between the very small omasum 150 observed and the expected size for a grazing ruminant. The fact that blackbucks had a small omasum 151 at both captive facilities (Figure 1 ), i.e., under different diets and husbandry conditions, suggests that 152 this omasum size is not a dietary artefact, but must be an inherent morphological trait of theblackbuck. This was a surprising finding, since the selectivity factor of the RR (SF RR , defined as 154 mean retention time (MRT) of particles in the RR divided by MRT of fluid in the RR) in blackbucks 155 were found to be in the higher end of the range of 'cattle-type' ruminants (Hummel et al., 2015) , 156 indicating a relatively high fluid flow out of the RR in this species. Thus, we expected to find a 157 particularly large omasum in the blackbuck to reabsorb this fluid, as predicted by Hummel et al. 158 (2015) . A possible consequence of the particularly small omasum of blackbuck could be a 159 particularly large abomasum to accommodate the inflowing digesta and facilitate the presumably 160 larger amount of gastric secretions needed to counteract the diluting effect of the un-absorbed rumen 161 fluid. Whether ruminant species with a relatively small omasum generally have a relatively large 162 abomasum remains to be investigated. Using the fossil records of pecoran ruminants and tragulids, 163
Clauss and Rössner (2014) speculated that the absence of an omasum in tragulids was a competitive 164 disadvantage that might have contributed to their ecological replacement by pecoran ruminants over 165 time. The example of the blackbuck indicates that the ruminant forestomach system can also function 166 efficiently without a pronounced omasum. The oribi, a grazing ruminant even smaller than the 167 blackbuck, has also been reported as having a smaller omasum than expected (Hofmann, 1973; 168 Stafford and Stafford, 1993) . The rareness of this feature, however, with larger omasa present in 169 basically all other ruminant species investigated so far, suggests that this is not a particularly 170 successful adaptation, yet calls for further studies on alternative mechanisms of fluid reabsorption in 171 the few species with small omasa. 172
Sand gazelles appeared to most resemble 'moose-types' for rumen pillar thickness, while the 173 reticular crest height was in the middle range between 'cattle-types' and 'moose-types' (Figure 3 examples of convergent evolution, namely the evolution of high reticular crests (Clauss et al., 188 2010a) , greater omasal laminar surface area (Clauss et al., 2006) , and smaller parotid salivary glands 189 (Hofmann et al., 2008) in grazing relative to browsing ruminants. However, confirming convergent 190 evolution of a specific trait may be obscured by species in a transition phase, i.e. species that have 191 changed dietary habits recently withe adaptations of their digestive anatomy 'lagging behind', as 192 discussed by Clauss et al. (2008) . It can only be speculated if the case of the small blackbuck 193 omasum represents a delay in anatomical adaptations to a grass-based diet. 194
In conclusion, the present study confirmed that many morphological traits of the digestive tract of the 195 blackbuck correspond to the 'cattle-type' anatomy. A notable exception, however, was the surprising 196 discovery of an unusually small omasum in this species, even smaller in size than reported for 197 'moose-type' ruminants. For sand gazelles, some morphological results were in line with previous 198 findings in 'moose-type' ruminants, such as rumen pillar thickness and omasum size, whereas others 199 were of an intermediate position. These results indicate that differentiation of the ruminant types is 200 difficult at small body masses (as also evident in the converging regression lines in Figure 3 
